What is claimed is: 

1 . A semiconductor device comprising: 

a semiconductor chip having a first major surface and a second major surface 
opposing the first major surface; 

an active region on a side of the first major surface; 

a layer of a first conductivity type on a side of the second major surface, the 
layer of the first conductivity type exhibiting relatively low electrical resistance; 

a first main electrode electrically connected to the active region; 

a second main electrode electrically connected to the layer of the first 
conductivity type; 

a drain drift region between the active region and the layer of the first 
conductivity type, the drain drift region providing a vertical drift current path in the ON- 
state of the device and being depleted in the OFF-state of the device; and 

a breakdown withstanding region around the drain drift region and between the 
first major surface and the layer of the first conductivity type, the breakdown withstanding 
region substantially not providing current path in the ON-state of the device and being 
depleted in the OFF-state of the device, the breakdown withstanding region comprising an 
alternating conductivity type layer comprising first regions of the first conductivity type and 
second regions of a second conductivity type, the first regions and the second regions being 
arranged alternately with each other. 

2. The semiconductor device according to Claim 1, wherein the drain drift region 
comprises an alternating conductivity type layer comprising vertical drift current path 
regions of the first conductivity type and vertical partition regions of the second 
conductivity type, the drift current path regions and the partition regions extending in the 
thickness direction of the semiconductor chip, and the drift current path regions and the 
partition regions being arranged alternately with each other. 

3. The semiconductor device according to Claim 2, wherein the alternating 
conductivity type layer in the breakdown withstanding region is doped more lightly than the 
alternating conductivity type layer in the drain drift region. 
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4. The semiconductor device according to Claim 2, wherein the first regions and 
the second regions of the alternating conductivity type layer in the breakdown withstanding 
region extend in the thickness direction of the semiconductor chip, and the first regions and 
the second regions are contacting with each other. 

5. The semiconductor device according to Claim 4, wherein at least either the first 
regions or the second regions of the alternating conductivity type layer in the breakdown 
withstanding region comprise unit diffusion regions scattered in the thickness direction of 
the semiconductor chip and connected with each other. 

6. The semiconductor device according to Claim 5, the impurity concentration in 
each of the unit diffusion regions is the highest at the center thereof and decreases gradually 
toward the boundary thereof. 

7. The semiconductor device according to Claim 2, wherein the alternating 
conductivity type layer of the drain drift region comprises a laminate formed of a plurality 
of a pair of the drift current path region and the partition region and the alternating 
conductivity type layer of the breakdown withstanding region comprises a laminate formed 
of a plurality of a pair of the first region and the second region. 

8. The semiconductor device according to Claim 2, wherein the pitch of repeating 
in the breakdown withstanding region, at that the pair of the first region and the second 
region is repeated, is narrower than the pitch of repeating in the drain drift region, at that the 
pair of the drift current path region and the partition region is repeated. 

9. The semiconductor device according to Claim 7, wherein the pitch of repeating 
in the breakdown withstanding region, at that the pair of the first region and the second 
region is repeated, is narrower than the pitch of repeating in the drain drift region, at that the 
pair of the drift current path region and the partition region is repeated, and wherein the 
boundary planes between the first regions and the second regions of the breakdown 
withstanding region extend almost in parallel to the boundary planes between the drift 
current path regions and the partition regions of the drain drift region; the plane, thereon the 
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end faces of the first regions and the second regions are arranged alternately, is bonded to 
the plane, thereon the end faces of the drift current path region and the partition region are 
arranged alternately; and the boundary plane of the innermost first region is bonded to the 
boundary plane of the outermost partition region. 

10. The semiconductor device according to Claim 9, wherein the drain drift region 
comprises a first transient region, therein the widths of the drift current path regions and the 
partition regions are decreasing gradually toward the breakdown withstanding region. 

11. The semiconductor device according to Claim 9, wherein the breakdown 
withstanding region comprises a second transient region, therein the widths of the first 
regions and the second regions are increasing gradually toward the drain drift region. 

12. The semiconductor device according to Claim 10, wherein the first transient 
region is below the edge portion of the first main electrode. 

13. The semiconductor device according to Claim 11, wherein the first transient 
region or the second transient region is below the edge portion of the first main electrode. 

14. The semiconductor device according to Claim 7, wherein the pitch of repeating 
in the breakdown withstanding region, at that the pair of the first region and the second 
region is repeated, is narrower than the pitch of repeating in the drain drift region, at that the 
pair of the drift current path region and the partition region is repeated, and wherein the 
boundaries between the first regions and the second regions of the breakdown withstanding 
region extend almost in perpendicular to the boundaries between the drift current path 
regions and the partition regions of the drain drift region. 

15. The semiconductor device according to Claim 7, wherein the pitch of repeating 
in the breakdown withstanding region, at that the pair of the first region and the second 
region is repeated, is narrower than the pitch of repeating in the drain drift region, at that the 
pair of the drift current path region and the partition region is repeated, and wherein the 
alternating conductivity type layer of the breakdown withstanding region comprises a first 
alternating conductivity type section including the first regions and the second regions, the 
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boundary planes therebetween extend almost in parallel to the boundary planes between the 
drift current path regions and the partition regions of the drain drift region; and a second 
alternating conductivity type section including the first regions and the second regions, the 
boundary planes therebetween extend in perpendicular to the boundary planes between the 
drift current path regions and the partition regions of the drain drift region. 

16. The semiconductor device according to Claim 15, wherein the plane, thereon the 
end faces of the first regions and the second regions of the first alternating conductivity type 
section are arranged alternately, is bonded to the plane, thereon the end faces of the drift 
current regions and the partition regions of the drain drift region are arranged alternately. 

17. The semiconductor device according to Claim 16, wherein the alternating 
conductivity type layer of the breakdown withstanding region further comprises a third 
alternating conductivity type section in the corner portion of the breakdown withstanding 
region defined by the first alternating conductivity type section and the second alternating 
conductivity type section; the third alternating conductivity type section including the first 
regions and the second regions extending in parallel to the first regions and the second 
regions of the first alternating conductivity type section or the second alternating 
conductivity type section. 

18. The semiconductor device according to Claim 15, wherein the plane, thereon 
end faces of the first regions and the second regions of the first alternating conductivity type 
section or the second alternating conductivity type section are arranged alternately, is 
bonded to the boundary plane of the innermost second region of the second alternating 
conductivity type section or the first alternating conductivity type section. 

19. The semiconductor device according to Claim 7, the boundary planes between 
the first regions and the second regions of the breakdown withstanding region extend 
obliquely to the boundary planes between the drift current path regions and the partition 
regions of the drain drift region. 

20. The semiconductor device according to Claim 7, wherein the pn-j unctions 
between the first regions and the second regions are almost flat. 
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21. The semiconductor device according to Claims 7, wherein the pn-junctions 
between the first regions and the second regions are serpentine. 

22. The semiconductor device according to Claim 2, wherein at least either the first 
regions or the second regions of the alternating conductivity type layer in the breakdown 
withstanding region are columnar. 

23. The semiconductor device according to Claim 2, the semiconductor device 
further comprising a highly resistive region filling the space between the first regions and 
the second regions, and the highly resistive region being doped with an impurity of the first 
conductivity type and an impurity of the second conductivity type. 

24. The semiconductor device according to Claim 2, the semiconductor device 
further comprising one or more voltage equalizing rings of the second conductivity type on 
the first major surface, the one or more voltage equalizing rings surrounding the drain drift 
region, and the one or more voltage equalizing rings connecting the second regions of the 
second conductivity type. 

25. The semiconductor device according to Claim 24, wherein the impurity 
concentration in the one or more voltage equalizing rings is higher than the impurity 
concentration in the second region of the second conductivity type. 

26. The semiconductor device according to Claim 2, wherein at least either the first 
regions or the second regions of the alternating conductivity type layer in the breakdown 
withstanding region comprise unit diffusion regions scattered in the thickness direction of 
the semiconductor chip and spaced apart from each other. 

27. The semiconductor device according to Claim 26, wherein the impurity 
concentration in each unit diffusion region is the maximum at the center thereof and 
decreasing gradually toward the boundary of the unit diffusion region. 

28. The semiconductor device according to Claim 1, wherein the first regions and 
the second regions of the alternating conductivity type layer in the breakdown withstanding 
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region extend almost in parallel or obiiqueiy to the major surfaces of the semiconductor 
chip, and the first regions and the second regions are laminated alternately with each other. 

29. A semiconductor device comprising: 

a semiconductor chip having a first major surface and a second major surface 
opposing the first major surface; 

an active region on a side of the first major surface; 

a layer of a first conductivity type on a side of the second major surface, the 
layer of the first conductivity type exhibiting relatively low electrical resistance; 

a first main electrode electrically connected to the active region; 

a second main electrode electrically connected to the layer of the first 
conductivity type; 

a drain drift region between the active region and the layer of the first 
conductivity type, the drain drift region providing a vertical drift current path in the ON- 
state of the device and being depleted in the OFF-state of the device; and 

a breakdown withstanding region around the drain drift region and between the 
first major surface and the layer of the first conductivity type, the breakdown withstanding 
region substantially not providing a current path in the ON-state of the device and being 
depleted in the OFF-state of the device, the breakdown withstanding region comprising a 
highly resistive region doped with an impurity of the first conductivity type and an impurity 
of the second conductivity type. 

30. The semiconductor device according to Claim 29, wherein the drain drift region 
comprises an alternating conductivity type layer comprising vertical drift current path 
regions of the first conductivity type and vertical partition regions of the second 
conductivity type, the drift current path regions and the partition regions extending in the 
thickness direction of the semiconductor chip, and the drift current path regions and the 
partition regions being arranged alternately with each other. 

31. The semiconductor device according to Claim 1, the semiconductor device 
further comprising a surrounding region of the first conductivity type between the first 
major surface and the layer of the first conductivity type, the surrounding region 

58 



surrounding the breakdown withstanding region, and the surrounding region exhibiting 
relatively low electrical resistance. 

32. The semiconductor device according to Claim 29, the semiconductor device 
further comprising a surrounding region of the first conductivity type between the first 
major surface and the layer of the first conductivity type, the surrounding region 
surrounding the breakdown withstanding region, and the surrounding region exhibiting 
relatively low electrical resistance. 

33. The semiconductor device according to Claim 31, the semiconductor device 
further comprising a peripheral electrode on the surrounding region, the peripheral electrode 
being on the side of the first major surface. 

34. The semiconductor device according to Claim 32, the semiconductor device 
further comprising a peripheral electrode on the surrounding region, the peripheral electrode 
being on the side of the first major surface. 

35. The semiconductor device according to Claim 31, the semiconductor device 
further comprising a channel stopper region of the first conductivity type on the surrounding 
region, and the channel stopper region being on the side of the first major surface. 

36. The semiconductor device according to Claim 32, the semiconductor device 
further comprising a channel stopper region of the first conductivity type on the surrounding 
region, and the channel stopper region being on the side of the first major surface. 

37. The semiconductor device according to Claim 31, wherein the drain drift region 
comprises an alternating conductivity type layer comprising vertical drift current path 
regions of the first conductivity type and vertical partition regions of the second 
conductivity type, the drift current path regions and the partition regions extending in the 
thickness direction of the semiconductor chip, the drift current path regions and the 
partition regions being arranged alternately with each other, and the width of the 
surrounding region is wider than the width of the drift current path region. 
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38. The semiconductor device according to Claim 32, wherein the drain drift region 
comprises an alternating conductivity type layer comprising vertical drift current path 
regions of the first conductivity type and vertical partition regions of the second 
conductivity type, the drift current path regions and the partition regions extending in the 
thickness direction of the semiconductor chip, the drift current path regions and the 
partition regions being arranged alternately with each other, and the width of the 
surrounding region is wider than the width of the drift current path region. 

39.. The semiconductor device according to Claim 31, wherein the drain drift region 
comprises an alternating conductivity type layer comprising vertical drift current path 
regions of the first conductivity type and vertical partition regions of the second 
conductivity type, the drift current path regions and the partition regions extending in the 
thickness direction of the semiconductor chip, the drift current path regions and the 
partition regions being arranged alternately with each other, and the width of the 
surrounding region is wider than the spacing between the partition regions. 

40. The semiconductor device according to Claim 32, wherein the drain drift region 
comprises an alternating conductivity type layer comprising vertical drift current path 
regions of the first conductivity type and vertical partition regions of the second 
conductivity type, the drift current path regions and the partition regions extending in the 
thickness direction of the semiconductor chip, the drift current path regions and the 
partition regions being laminated alternately with each other, and the width of the 
surrounding region is wider than the spacing between the partition regions. 

41. The semiconductor device according to Claim 1, the semiconductor device 
further comprising an insulation film on the breakdown withstanding region, the insulation 
film being on the side of the first major surface. 

42. The semiconductor device according to Claim 29, the semiconductor device 
further comprising an insulation film on the breakdown withstanding region, the insulation 
film being on the side of the first major surface. 
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43. A method of manufacturing a semiconductor device, the method comprising: 

(a) growing a highly resistive first epitaxial layer on a semiconductor substrate, 
the semiconductor substrate exhibiting relatively low electrical resistance; 

(b) selectively implanting an impurity of the first conductivity type into first 
portions of the first epitaxial layer and an impurity of a second conductivity type into 
second portions of the first epitaxial layer; 

(c) growing a highly resistive second epitaxial layer on the first epitaxial layer; 

(d) repeating the steps (b) and (c); and 

(e) thermally driving the implanted impurities from the diffusion centers thereof, 
to form a first alternating conductivity type layer and a second alternating conductivity type 
layer. 

44. The method according to Claim 43, wherein the first portions and the second 
portions for forming the second alternating conductivity type layer in the breakdown 
withstanding region are narrower than the first portions and the second portions for forming 
the first alternating conductivity type layer in a drain drift region. 

45. The method according to Claim 44, wherein the pitch of repeating, thereat a pair 
of the first portion and the second portion is repeated for forming the second alternating 
conductivity type layer in a breakdown withstanding region, is narrower than the pitch of 
repeating, thereat a pair of the first portion and the second portion is repeated for forming a 
first alternating conductivity type layer in the drain drift region. 

46. A method of manufacturing a semiconductor device, the method comprising: 

(a) growing a highly resistive first epitaxial layer on a semiconductor substrate 
with low electrical resistance, the semiconductor substrate including a layer of first 
conductivity type; 

(b) implanting an impurity of the first conductivity type or a second conductivity 
type into substantially the entire surface portion of the first epitaxial layer and selectively 
implanting an impurity of the first conductivity type or the second conductivity type into 
selected surface portions of the first epitaxial layer; 
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(c) growing a highly resistive second epitaxial layer on the first epitaxial layer; 

(d) repeating the steps (b) and (c); and 

(e) thermally driving the implanted impurities to form a first alternating 
conductivity type layer and a second alternating conductivity type layer. 

47. The method according to Claim 46, wherein the selected surface portions of the 
second alternating conductivity type layer in the breakdown withstanding region are 
narrower than the selected surface portions of the first alternating conductivity type layer in 
a drain drift region, and the pitch of repeating, thereat the selected surface portions are 
repeated for forming the second alternating conductivity type layer in a breakdown 
withstanding region, is narrower than the pitch of repeating, thereat the selected surface 
portions are repeated for forming the first alternating conductivity type layer in the drain 
drift region. 
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